The object of the study was to evaluate the research designs of social support interventions for prevention of low birth weight (LBW). A literature search of published articles identified 12 randomized controlled trials of social support to prevent LBW birth. These were evaluated using specific methodological criteria for effective intervention research. Only one study showed a significant reduction in LBW. However, none of the studies met all of the proposed criteria for rigorous intervention research. It is premature to conclude that social support interventions are ineffective in preventing LBW. Specific recommendations for future intervention research design are outlined.
L OW B I RT H weight (LBW) is a leading cause of infant mortality and morbidities in the USA (Mathews, Menacker, & MacDorman, 2003) . Limited success in reducing LBW through medical interventions (Lu, Tache, Alexander, Kotelchuck, & Halfon, 2003) , coupled with accumulating evidence that links psychosocial factors to pregnancy outcomes (Paarlberg, Vingerhoets, Passchier, Dekker, & van Geijn, 1995) have led to interest in preventing LBW by implementation of psychosocial interventions. However, most programs that offer social support during pregnancy have not been particularly effective in preventing LBW (Hodnett & Fredericks, 2003; Stevens-Simon & Orleans, 1999) . The primary aim of this article is to evaluate the design of these intervention studies. We contend that because most studies:
(1) have not been theory-driven; (2) have not had effective risk screening; (3) have not matched interventions to risks; and (4) have not tested process variables, it may be premature to conclude that psychosocial interventions are ineffective in preventing LBW. In this article we propose a new model of psychosocial intervention research for the prevention of LBW.
Methods
We conducted a literature search for original research, systematic reviews, meta-analyses and commentaries that were published in the English language from 1960 to 2004 in computerized databases, specifically, Pubmed, PsycInfo and the Cochrane Library. Keywords used to conduct the search included 'low birth weight', 'preterm', 'randomized trials', 'prenatal care', 'social support' 'psychosocial intervention' 'psychological intervention' and/or 'prevention'. Additionally, the reference lists of all qualifying articles and several recent reviews (e.g. Hodnett & Fredericks, 2003; Stevens-Simon & Orleans, 1999) were examined for additional studies not identified through the database search. Our search generated 2279 articles. All abstracts were reviewed, and all articles that could not be conclusively excluded based on the abstract were retrieved to determine eligibility. The following criteria were used to select interventions to be included in this review: (1) the intervention must be a randomized controlled trial (RCT); (2) the intervention must be aimed at preventing LBW; and (3) the intervention must be mainly psychosocial in nature. We excluded interventions that were primarily medical (e.g. screening and treatment of asymptomatic bacteriuria) or nutritional in nature. We also exclude smoking cessation interventions even if they included psychosocial components. Based on these criteria, 12 randomized controlled trials were included in our review.
These 12 studies were evaluated using a new model for LBW prevention intervention research. The traditional model of psychosocial intervention consists of three steps: screen the population at risk for LBW; provide psychosocial support to at-risk populations; and then compare LBW rates between intervention and control groups (Fig. 1 ).
This traditional model has several pitfalls. First, the intervention is often not theory-driven. Without a predictive model linking intervention to outcome, it is sometimes difficult to know why, for whom and under what circumstances the program works or does not work (Drotar, 2002) . Second, risk screening is based on risk factors for LBW, no matter whether or not they are modifiable by psychosocial interventions. Third, because some subjects are selected based on medical risks rather than psychological risks for LBW, psychosocial interventions may prove inappropriate and ineffective. Lastly, the traditional model often fails to measure process variables. The term process variables, as used here, refers to variables mediating the effects of interventions (Aiken, 1999) , and is used interchangeably with the terms 'mediators' in this article. Testing process variables allow the investigators to better understand the processes by which the intervention produces its effect, or the reasons for the absence of any effects.
To address these pitfalls, we propose a new model of psychosocial intervention research for LBW prevention. Elaborating on a model developed by Aiken (1999) , and West and Aiken (1997) (Aiken, West, Woodward, Reno, & Reynolds, 1994) and other issues such as AIDS prevention (Fisher, Fisher, Misovich, Kimble, & Malloy, 1996) but this approach has yet to be applied to LBW prevention. Statistical testing of mediators is beyond the scope of this article and can be read in Aiken et al. (1994) and Baron and Kenny (1986) . The final stage is to assess outcomes (see Fig. 2 Results Table 1 summarizes the characteristics of the 12 studies included in our review. All studies offered social support as a single intervention or the centerpiece of a multi-component prenatal care intervention with a major goal of preventing LBW. Five studies also aimed to prevent preterm delivery (PTD), one of the twin contributors to LBW (the other being intrauterine growth restriction (IUGR) or fetuses that are small-for-gestational-age (SGA), defined as fetal or birth weight below the 10th percentile for a given gestation) (Kitzman et al., 1997; Klerman et al., 2000; Moore et al., 1998; Olds, Henderson, Tatelbaum, & Chamberlin, 1986; Villar et al., 1992) . Four studies had other aims such as preventing child maltreatment (McLaughlin et al., 1992) or improving developmental outcomes or pregnancy outcomes other 
Notes:
Goal of intervention: LBW = low birth weight (defined as weight <2500g), PTD = preterm delivery, OTH = others goals Study population: W = White, AA = African American, LA = Latina American Risk screening based on categories of risk factors: MED = medical, PSY = psychological, SES = socioeconomic status, BEH = behavioral; '-' signifies risk as exclusion criteria, '+' signifies risk as inclusion criteria Format of social support: CALL = telephone call, HOME = home visit; APP = additional appointment Content of social support: INF = informational support (information about available community services, signs of medical complications of pregnancy); EMO = emotional/relational social support (provide emotional support directly or encourage emotional support from existing social network); INS = instrumental social support (help directly with housing, shopping, other domestic work); EDU = health education Outcome defined as percent LBW: NS = non-significant than LBW and PTD (Kitzman et al., 1997; Klerman et al., 2000; Olds, Henderson, Tatelbaum, & Chamberlain, 1986) . Most of the studies recruited low-income women or African-American women who were at high risk of LBW. Among the twelve studies, three prevention programs recruited solely African-American women (Graham, Frank, Zyzanski, Kitson, & Reeb, 1992; Klerman et al., 2000; Norbeck, Dejoseph, & Smith, 1996) , and two studies recruited primarily African Americans (Kitzman et al., 1997; Moore et al., 1998) . Two studies had about half African Americans and half Whites (Heins, Webster, McCarthy, & Melvin, 1990; McLaughlin et al., 1992) , and three studies had primarily or solely Whites (Oakley, Rajan, & Grant, 1990; Olds et al., 1986; Rothberg & Lits, 1991) . One study was conducted with primarily Whites in Manchester, England (Spencer, Thomas, & Morris, 1989) , and another study was conducted with Latina Americans (Villar et al., 1992) (Table 1 ).
All of the 12 studies screened participants based on risk factors, except the Olds et al. (1986) study in which any women who asked to participate were allowed to enroll in the study. Risk factors in the studies can be classified into four categories: medical, psychological, socioeconomic and behavioral (Table 1 ). The intervention groups in these studies were provided with various formats of social support, such as telephone calls (Moore et al., 1998) , home visitations from nurses or social workers (Graham et al., 1992; Kitzman et al., 1997; McLaughlin et al., 1992; Olds et al., 1986; Spencer et al., 1989; Villar et al., 1992) , additional face-to-face appointment in clinics (Heins et al., 1990; Klerman et al., 2000; Rothberg & Lits, 1991) or a combination of telephone calls and home visits (Norbeck et al., 1996; Oakley et al., 1990) . The contents of social support provision included informational support to help to recognize signs and symptoms of pregnancy complications and provide information about the utilization of local services; emotional support to enhance the existing social network and reduce stress (Norbeck et al., 1996) ; instrumental support to directly support domestic tasks (Spencer et al., 1989) ; health education including nutrition education and smoking cessation; and a combination of two or three of these intervention components (Graham et al., 1992; Heins et al., 1990; Klerman et al., 2000; McLaughlin et al., 1992; Moore et al., 1998; Oakley et al., 1990; Olds et al., 1986; Rothberg & Lits, 1991; Spencer et al., 1989; Villar et al., 1992) . The control groups in these studies received standard or usual care, except for two prevention programs that offered free transportation to the control group (Kitzman et al., 1997; Olds et al., 1986) . Only one (Norbeck et al., 1996) of the twelve studies showed a significant reduction in LBW rates (Table 1) . Table 2 summarizes our evaluation of the intervention designs. Five of the twelve trials (Graham et al., 1992; Heins et al., 1990; Klerman et al., 2000; Moore et al., 1998 . Norbeck et al., 1996 ) developed a predictive model, or at least had a simple predictive hypothesis (column 2). Only two studies (Graham et al., 1992; Klerman et al., 2000) evaluated the effectiveness of their risk screening, none of which actually were effective (column 3). We evaluated the effectiveness of risk screening for the remaining nine studies by observing the LBW rates in the control groups. If the risk screening was effective, then the LBW rate in the control groups (with no intervention) should be substantially higher than that in the general population. That is, we would expect LBW rates in the control groups of greater than 7 percent in studies with predominantly White population and 14 percent in studies with predominantly African-American study population (Mathews, Menacker, & MacDorman, 2003) . For the two studies (Heins et al., 1990; McLaughlin et al., 1992) with about even population admixture of African Americans and Whites, the LBW rate in the control group should be substantially higher than 10.5 percent if risk screening was effective. For the study by Spencer et al. (1989) , we would expect the LBW rate in the control group of greater than 10.2 percent, the LBW rate in the general population in Manchester at the time of the study. Similarly, for the study by Villar et al. (1992) with Latina Americans, the LBW rate of 9.4 percent in the control group was substantially lower than the expected rate of 15 percent. As Table 2 illustrates, only four of the twelve studies (Heins et al., 1990; Norbeck et al., 1996; Oakley et al., 1990; Rothberg & Lits, 1991) met the criteria for effective risk screening (column 4). In other words, the women studied in eight of twelve studies did not appear to be at high risk for LBW. 
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Of the twelve trials, only four (Graham et al., 1992; Klerman et al., 2000; Norbeck et al., 1996; Rothberg & Lits, 1991) screened for psychosocial risk factors for LBW that are modifiable by psychosocial interventions; consequently only these four are able to match psychosocial interventions to psychosocial risks (column 5). Only one (Klerman et al., 2000) tested process variables (column 6). Two others (Olds et al., 1986; Villar et al., 1992 ) assessed process variables in their study designs, but did not include these process variables in the data analyses (column 6). Of the three studies that have information about process variables, two (Klerman et al., 2000; Olds et al., 1986) showed that the intervention was effective in changing process variables (column 7), though in neither study were these variables evaluated in terms of their relationship with outcome (LBW) (column 8).
Discussion
Of the 12 studies we reviewed, only one showed a significant reduction in LBW rates. However, before concluding that psychosocial interventions are ineffective in preventing LBW, it is important to evaluate the designs of these studies. Based on the work by Aiken (1999) , Drotar (2002) , Stevens-Simon and Orleans (1999) and West and Aiken (1997) , we proposed a new model for evaluating LBW-psychosocial intervention research. None of the 12 studies met all of the criteria for effective research design. We found several pitfalls common to the design of these studies.
Most interventions were not theory-driven
The majority of the studies did not have a predictive model (or even a simple predictive hypothesis) that was grounded in social support theory and supported by empirical data. A predictive model specifies how the psychosocial intervention is supposed to work. Without it, it is sometimes difficult to know why, for whom and under what circumstances the program works or does not work (Drotar, 2002) . Of the seven studies that did not specify a predictive model, only one (Rothberg & Lits, 1991) conducted risk screening using psychosocial risk factors and matched intervention to psychosocial risks, and none of these seven tested psychosocial mediators (process variables) of intervention effects. An effective intervention design begins with a predictive model linking intervention to outcome.
The sole successful intervention trial (Norbeck et al., 1996) had a clear theoretical and empirical basis. It was hypothesized that in a population of pregnant African-American women with inadequate social support, a culturally competent social support intervention would decrease the rate of LBW. The empirical basis for the hypothesis came from an earlier study (Norbeck & Anderson, 1989) , which showed that social support from the pregnant woman's mother and male partner, but not from female friends or relatives, was directly predictive of pregnancy outcomes. Thus, inadequate support from mother and male partner was used as the basis for identifying high-risk status. In order to design an effective social support intervention, the researchers used focus groups to learn about the life situations of low-income AfricanAmerican pregnant women and the characteristics of the social support they needed during pregnancy. They found that the essential support from the woman's mother or male partner was emotional support. Based on focus groups' results, Norbeck et al. (1996) designed an intervention to provide emotional support. Thus, a predictive model that was grounded in social support theory and supported by empirical evidence helped guide the design of an effective intervention program.
Most interventions did not have effective risk screening
Risk screening is a critical first step in an intervention trial. By identifying populations at risk for LBW, interventions can be more effectively targeted to 'high-risk' populations. Our review suggests that most intervention trials have not had effective risk screening. Although all twelve studies conducted risk assessment, only two (Graham et al., 1992; Klerman et al., 2000) evaluated the effectiveness of risk screening, namely, whether the people who were identified at risk were in fact at risk. In one trial (Graham et al., 1992) , for example, a screening questionnaire containing medical and psychosocial questions was used at the beginning of the study to differentiate between participants hypothesized to be at high or low risk of having a LBW infant. Risk factors included low family function as assessed by the Family APGAR Scale (Smilkstein, 1978) , the Modified Index of Family Relationships (Hudson, 1982) , stressful life events and additional risk factors such as smoking, low maternal weight-height ratio, age 27 or older and history of a previous preterm delivery. Results indicated that untreated subjects judged by the questionnaire to be at high risk by the screening instrument actually had a lower LBW rate (9%) than those judged to be at low risk (11%). Thus, the risk screening employed by this study was not effective in identifying women at risk for LBW births. In another study (Olds et al., 1986 ) the LBW rate was so low in the control group (2.6%) that it was nearly impossible to show any effect of the intervention even though the social support manipulation seemed effective in that study.
Most studies screened for medical, socioeconomic and behavioral risk factors for LBW, many of which were not modifiable by psychosocial interventions. Only four studies (Graham et al., 1992; Klerman et al., 2000; Norbeck et al., 1996; Rothberg & Lits, 1991) screened for psychosocial risk factors; of these, only two (Norbeck et al., 1996; Rothberg & Lits, 1991) used screening instruments that were predictive of LBW. One study (Graham et al., 1992) used stressful life events as a screening instrument. Several studies have shown that stressful life events do not reliably predict LBW (Hoffman & Hatch, 1996; Lobel, Dunkel-Schetter, & Scrimshaw, 1992) . In the only successful intervention trial, Norbeck et al. (1996) targeted African-American women at risk for LBW due to inadequate social support. Instead of comprehensive risk screening for medical, socioeconomic and behavioral risk factors, they used the Norbeck Social Support Questionnaire (NSSQ) to assess the adequacy of social support. If the social support from either the women's mother or husband/partner was inadequate, women were identified as high risk and they were asked to participate in the study. A sample of African-American women who were low in social support was identified. In this study, the control group had a LBW rate of 22.4 percent, indicating that screening women at risk for LBW was effectively achieved. The intervention group had a LBW rate of 9.1 percent, suggesting that the social support intervention for pregnant women with inadequate social support can be effective in preventing LBW.
Most interventions have not matched interventions to risks
Women with medical risk factors for LBW require medical interventions; those with psychosocial risk factors require psychosocial interventions. Many women with known medical risk factors have adequate social support and do not need psychosocial interventions. In eight out of twelve studies, participants were selected based on medical, socioeconomic and behavioral risk factors, but not psychological risk factors. Perhaps it is not surprising that offering social support to these women was not effective in reducing LBW rates.
In fact, social support may not always be welcomed by participants. Developments in social support theory clearly distinguish two constructs of social support: received or provided social support (also called enacted social support), and perceived social support (whether enacted or not) (Herbert & DunkelSchetter, 1992; Lakey & Lutz, 1996) . Just because the social support is received does not mean it is accepted. In one study (Spencer et al., 1989) , over half the women randomly assigned to a family social worker group refused to participate in the study. It is also increasingly recognized that social support is not always helpful . Providing social support inappropriately can have an intrusive effect (Karfmacher, Kitzman, & Olds, 1998) , or negative effects of other kinds (Dunkel-Schetter, Blasband, Feinstein, & Herbert, 1992) . For example, one study found that reliance on peer networks for social support was associated with higher distress (Reibstein, 1981) . In another study involving family members in home visits and helping them become more bonded to the pregnancy (Graham et al., 1992) , few family members actually participated in the study. These problems have led researchers to rethink for whom, for what and how should social support be provided.
In the only effective intervention trial, Norbeck et al. (1996) designed an intervention to provide emotional support based on focus group results. The intervention consisted of four standardized face-to-face individual sessions that followed written protocols. The pregnant women were instructed to focus on three problem areas and three successful areas in their lives. Participants were guided to find meaning in their pregnancy, to increase self-esteem and improve relationships. This type of emotional support was found to be effective in reducing LBW rates among African-American women at risk for low emotional support. The trial was successful in part because the intervention matched the risks.
Most interventions did not test process variables
Among the 12 studies reviewed here, only one tested process variables (Klerman et al., 2000) . Two other studies included measurement of process variables in the study design, but did not include them in the analyses (Olds et al., 1986; Villar et al., 1992) . Without testing process variables, it is difficult to determine which components of the intervention worked and which failed (Stevens-Simon & Orleans, 1999) . The only pitfall in the design of the one successful intervention study (Norbeck et al., 1996) was that process variables were not measured. Thus it is not known whether the reduction in LBW rate resulted from increased emotional support as the predictive model hypothesized, or other unmeasured processes.
Furthermore, as Stevens-Simon and Orleans (1999) observed, when programs fail, it is often unclear whether the failure is because a flawed theory was implemented or because a good theory was poorly implemented. The only intervention that tested process variables (Klerman et al., 2000) failed to decrease LBW. However, because the study tested process variables, it still provided valuable information about why the intervention failed. In this study, 629 women were randomized to receive usual or augmented prenatal care. Augmented care included educationally oriented peer groups, additional appointments, extended time with clinicians and other supports. Participants in the augmented care group showed more positive perceptions of their prenatal care and greater knowledge about their risk factors. However, there was no difference in LBW rates between the two groups. Thus, the results did not support the theory that perceived helpfulness or increased knowledge (at least as manipulated) decreased the rate of LBW. Future psychosocial interventions should include measurement of process variables in the study design.
Conclusion
Our review suggests that it may be premature to conclude that psychosocial interventions are ineffective in preventing LBW. Most intervention trials are flawed in their study design. Thus before we can answer whether these interventions worked or not, we need to address how to conduct high quality intervention studies. Future intervention research should aim to: (1) construct a predictive model a priori to guide the intervention design; (2) develop an effective risk screening based on modifiable psychosocial risk factors, and tailor the psychosocial intervention to reduce these risk factors; and (3) test process as well as outcome variables.
